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(1) code before scheduling and register allocation
0
0
17
5
b
f
ih
e
a
4 44
3 3
3
0
4
5
c
g
3
4
 
	
 !"$#%&')(+*,.-/01234,651798:;$!)(<=
?>@AB:CDBE0
?@17BFHG?,1I4JK$ C+
17BFHG?,MLBJK$ ONP7BQG?,6RJK&' "651798:  R2 
S BT{ÐÑÆÖVUUWYX
Z
e-uaSk^U}d¦V 'l£:p\¤SR1mdvSU
[]\?[]\O^ _a`cbVdOeDfg`ihkjl`c`cmonqprtsvu2wx`cm&yxzO`
¤³uUy _W££¤ / !-04 
	?
	.
	&
	 1Y7_b_sawUkA 4µ]_s³uU_bee^QSU 7kg]ge\]ge^Ur1_b© eiUkeiQSU:kge^ySms©
 aSy~ei e^] _s]hek^U`_bvSyS5¢JxmuyS]gaST+rdeimsy{¥!¦WPQSUWb_saSU]eiQ7_oe#_bk^UWySmse.k^U_sv¡y / _sk^UeiQwmu]^UeiQS_be_sk^U
]ge^{_bsU:QSUyU§cdeiySeiQSU\xmuT9rSawei_beimuy+_sySvT#aS]ge®ªU\sUrwey+kgUu]ge^Uk^]¦­5U\Q7_sywvSU:eiQSU]^U]^rtUx_s
b_saSU]~fxmuyS]gvSUk^yweiQS_beeiQwUYtmse^e^muTySmdvwU # xmuyS]gaST+U]eiQSUT ¦F­5UvwU7ySUeiQSU]gUemb©xmuyS]gaST9Uk^]
©«mukU`_bxBQ b_sawUjA 4,_s]
{ - Y,-F 1 !}|    - 1  - 1	h ³© E -F 1	# mbeiQSUkg:]gU
¤³uUy+_]gxBQSUvwaSU ++s -0/21!ue^QSU _b]ge xmuyS]^awT+rwe^muy#ms©ª_Ys_baSU]x`_bUv#eiQwUHyS\v7_be^U:_sySvySmse^Uvj"
' U 4  0 ~ - 1 ! @M2 ?K  -F 1 	8- 14
pY=xmuyS]gaST9Uk^]::QSmu]gUkgU`_svwySeiT+U]U ¨a7_s=e^m  ]\¨ySv7_oeiU._sk^Ux_sUvD¨Ukg]ms© {_sywv ySmbeiUv
  ) 0 ,A~ - 1!¦ ­¹U_s]^]gaST+UeiQ7_be_#s_baSUY:kgegeiUy_bexmdxB9xfHxUk6(yD_kgUu]geiUk])_`s_b _bSU\muySU]heiUr
 _be^Uk¦YPQ7_be]e^m]i_`fs© msrªUki_be^muyT¡kgU`_svw]Y©«k^muT·_kgUu]ge^Uk_oexmdxB1xfHxU 6::QSU.murtUki_oeimsyA1]
:k^³eiyw y5e_be.eiQwU]i_bT+U9xmdxB,x!fdxUb vSmHU]#ywmse#sUe   ]#kgU]gaSeSawe#uUe^]eiQwU9b_saSU+rwk^UHmuaS]^³f
]ge^muk^Uv y e^Q7_bek^Us]ge^Uk¦ PQSUy\e^QSU ! M 	²¿ *M  ¿ M K  ¿  
  ! ~ ms©e^QSUµb_saSUA _sxxmukgvSyw5eim  ]
{  - 1 	 -F 1   0 ~ -F 1|{?¦
V_`dyS._sHb_saSUÓ]l©«Ue^T9U®y~eiUkhb_s]ueiQSU:k^Uu]heiUk ySUUvms© D]eiQwU\T+_ocdT#aST»y¨aST#ªUk(mb©ªb_saSU]
]^TaSei_sySUmuaS]^³f+_s³uUw:QwxBQD])e^QSUT9ySTaSTy¨aSTtUkmb©FkgUu]ge^Uk^]ywUUvwUvDeimW_`umuv]^rSªxmHvSU©«muk
eiQ7_oe]gxBQSUvwaSUb¦
¿< K M«*M Ã K Ni I ¿`O MJ ¿  ¿¨¿ ÄQ ' 	  / !-4
	
	.
	h
	71$ + , 5=.1 $¡ ~ -0/21
£¢ / ¢y0	
-# +.1  +s -0/21 01¥¤ 5.1¦<%
$¡ ~ -9/:1 !§@¨	©<ª«© ~ Q a,8<~ -  1.Q
¬ +,
a,8<~ -  1 !T 4I   ~  0+- £¢$	'+= 	''o	 #-#6­ #%`# 
n(_sawU]:]^TaSei_sySUmuaS]^³f_bsUYeiQS_be\vSU7ywUe^QSUk^Uu]heiUk:ySUUv _sk^Ux_sUv¿ r  ¿ `yM 
t¿ 
  ! 	 ¿  ¦
ÜÜ{z|~}<
 ) 1

! .1

! '   !6
¿< K M«*M Ã K Ni NHq r  ¿ yM 
t¿   ! 	 ¿ @H ' 	   / !-04 	
	.
	!
	 1 	1 	"-# +.1~ B
s -0/216 	 - £¢E~#==='	'+="5.1 	:4K~ -0/21 E	 - ¬ #  #=+ 	9"	 
	m
	 +~¦E£¢	')=_'	5=`'%d	''
	 4 ~ -9/:1 !M ,8<~-91W $¡ ~ -9/:1 !>Q a, <~ -91Q
¬ +,  f	_#%`# ¬ +,  + 
	m_ +¦ £¢v	'+= _~'	5=&'% 	'' ,  ,=== 	# 9.1
	
­5UYx`_sª_by¿ r  ¿ `yM 
ª¿ "! Ã   À "! ¿W_.e^T9U\:QwUyeiQwUk^UY]®_#T_cwTaST¯y¨aSTtUk®ms©=b_sawU](]^T#aSei_o±
ySUmsaS]^³fD_s³uU¦
¿< K M«*M Ã K Ni QHq r  ¿ yM 
t¿ x ! Ã  x À "! ¿ H ' 	  / !-4
	
	.
	h
	71 	1o	 -# +.1~
::s -0/216 	F~#===' #-#6­ #%`#
d	 9	+ ¬ +3+,
d	 
	m_ +¦ £¢ 	')=_~'	5=&'% 	'' 
6 o	 ~#==='o#-#6­ #%&# CD $¡ ~ -0/21 ! Q  ,8<~-F6 1.Q
pY]_syU§cS_bT+rSUs=_]gUe.ms©(U!cdxU]^]gsU9b_saSU]yNeiQSU]gxBQSUvwaSUWvSU]^xkgtUv¡y eFS¦}d¦ }H¦ ¢àV¥\ms©®r7_ssU U]
 %
z.]#]gySxUe^QSUf1_bk^UeiQwU.T+_ocdT#aST y¨aST#ªUk\mb©Fb_saSU]:]^TaS³eB_sySUmuaS]gf_s³uU¦ c]:_syDU§cwxU]g]^sU
xmdxB1xfHxU#]gySxU_beYe^QS]\eiT+UeiQSUk^U_bk^Uq9s_baSU]Y]^TaS³eB_sySUmuaS]gf1_suU+¦°\mseiU#e^Q7_be)Ux_sy,Q7_`uU
T+msk^UYe^Q7_syDmuySU]gUe\ms©U!cdxU]^]guU.b_saSU]S]gySxUeiQSUkgUu]ge^UkySUUv1x`_syDtUvSU7ywUvD:eiQDT+_sy~f]gUe^]ms©
b_saSU]:]^T#aSei_sySUmsaS]^³f_ssU¦
[]\?[]\[ _a`cbVdOeDfg`ihkzOz£nvu rfgd£n
p k^Us]ge^Uk\_smHx`_be^muy]:_W©«awySxe^muyDeiQ7_oe©«muk\_9u³uUy ]gxBQSUvSawU_s]^]gmdx _be^U]eim9U`_sxBQ1b_saSU_WrSQ~fH]^x`_s
k^Uu]heiUke^m9tU]ge^muk^Uv y¦ Z=Ue  tUeiQwU.]gUems©-_b_s _swUYkgUu]ge^Uk^]¦
¿< K M«*M Ã K Ni i  ¿`O MJ ¿ 9 ! ! Ã uw*M Ã K  4h / ! -4
	
	.
	! 	 1 ¦_	P&  	1  s -0/21 	
-# +.1~	 ! 	' 1 ,"	-#.	  5.1   -/1  a	 ¢ 5# 9		=--# 	 =d .	#  	'+
U 4 	0 %-#.	7,   -/1 -F 1  +# a 9	
!3%  ~  ~ !!D F-/1 - 1! F-/1 - 1
­5U.]i_`fe^Q7_be_+kgUu]geiUk\_smdx_beimuy -21] ^ Ã `yM« ! ¿_bxxmsk^vSyS9e^m*¡©eiQwUk^U_skgU.UySmuaSsQµrSQ~fH]^x`_s
k^Uu]heiUkg]:y  ]gaSxBQ e^Q7_beF-/1]b_sv¦
¤sUy´_]^xBQSUvSaSUDeiQS_be9ySUUvS]+ywm¹T9muk^Ue^Q7_sy  kgUu]ge^Uk^])³ei]]U_s]gfe^m¹rwk^muUDeiQ7_oe9_b_sv
k^Uu]heiUkY_smdx_beimuy:e^Q  _`b_s_sSU.kgUu]ge^Uk^]]\rªms]^]^SUb¦ e7muk:eiQw]_bT1S)UvwU7ySUeiQSU#©«msm:yS
£p\¤¬e^Q7_be:T9mdvwU])rSk^UxUvwUySxU#k^U _be^muyw]ªU!e¼)UUyµb_saSU  ]³©«Ue^T9U])y~eiUkhb_s]¦
¿< K M«*M Ã K Ni pH    ! 	 ¿ M 	²¿ *M  ¿ ! . ¿  ¿ Ä ¿ K  ¿  #"/Q 'A	Q  / ! -04 
	?
	.
	h
	 1
	1F	 -# +.1 s -0/216 	 	'+%$  ' ¢y   ,=#=.15#=/ !  5 .1 4  ) ~ -0/21 ! -4h
	'& 1
 1¥¤ 5.1¦<%)(*
	&!-FhJ 1   ~   ~ 
(¿  ¹ Ni I  ' 	P  / ! -04 	
	.
	& 	 1 	1H	 -# +.1 s -9/:1 ¬  P$¡ ~ -9/:1 !  /+  +,_m 0	0+-=+¦<, o	-#.	  	#=#=1
  ¬   Q  Q !  		/	D¦<$, ,	
+ È?ÖhÖ-,EzoË§ÐÑÎ§Ð?ÇÉËzYËzYÏoÎ/.Ö 
ÝFÜ=Ý«ã
 
			 "!$#%&#'#()*+,-#.	/	0	132547698 :;<1= U
b d
f
ih
e
a
fR1 fR2 fR3
b da
f
ih
e
12: h ; i
0: a ; b ; c
4: d ; g
16:
3:
28:
11:
8:
time
9: e ; f 
with corresponding allocation
 
	

   
 
  
	
 
 + "!   #$%'&() +* -,/. 01. ,/23	46512#. 087:9;4;<,/=><#?(. @A. <08<CBD$%'&
e-uaSk^U}d¦ }' cw_sT9rSUms© Z:Uu]ge^UkpYmHx`_be^muy
  ÃÃ
	 
PQS]UT9T_]:e^k^³d_sÑ¦lPm 7ywvN_+rtmu]g]^wUk^Uu]heiUkY_smHx`_be^muy+:eiQ _`b_s _sSUk^Uu]à±
eiUk^]S)U_srSrS³fe^QSU©«mum:yS_sumukgeiQwT$'
Vu¦:SaSv(4  ) ~ -9/:1eiQSUb_saSU³©«Ue^T9U(rwk^UxUvSUySxU£p\¤ºeiQS_belk^U 7Ux!ei] eiQSUrwk^UxUvSUySxU
mukgvSUktUe¼®UUyµb_saSUÓ]:y¨e^Ukhs_b³©«UeiT+U]I"
}d¦ 7ySvW_\T+yST+_suxBQS_syvwUxmsT+rtmu]^³eimuy#ms© 4  ) ~ -0/21aS]gyS£®mukheiQ#vwUxmsT+rtmu]^³eimuy
 X£Usqb 'U`_sxBQxBQ7_sy+]®_.]he®mb©]^awxxU]^]guU_bySvvS]«ngmuy~e(b_saSU  ](y~eiUkgb_s{³©«UeiT+U]¦
dySxU $¡ ~ -0/21 !  ,S®U._sk^U]gaSk^UeiQS_beeiQSUk^U_sk^UU§cw_sxe^f  xBQ7_syS]¦
qw¦©«mukU_sxBQ1xBQ7_syDyDe^QSUT9yST_s{vSUxmuT9rtmu]^³eimsyS_smHx`_be^U_rSQ~fH]^x`_s=kgUu]geiUk)©«k^msT eimU`_sxBQ+s_baSU\y9eiQS])xBQ7_sy¦  yU_sxBQxBQ7_bydy~eiUkgb_s{³©«UeiT+U] vSm#ywmsey¨e^Ukh©«Uk^Ub
eiQwUk^U~feiQS]W_smdx_beimuy5]#b_sv¦5p]^mw(®U1_sk^U]gaSk^UDeiQ7_oeeiQSUk^U1_sk^UU§cw_sxe^f  
xBQ7_syS]7]gm)U.ySUUvµU§cS_bxei³f  _`s_b _bSUk^Us]ge^Ukg]¦
E
q r   ^ ! ¿ Ni NiIGF 	  IH  £¢KJ /
	ML 	6La + ¬  	 	' 1"-# +.1d£¢ +E  =9-&'% ,=-+ .1NJ /
	OL 	;H ¬  F	 ,E5=.1 £¢QPSR<	 E++(, ,	 F 	  TL E +:	'+a' ¢y =,=#=.15#= !  	4¢  f, @-_ 	9'	,#= ¢y0#/	 % 	 ! _+
	5# 9	H1=#= +-  	1
	0+-=+¦<(, 0	-#.	  ¬  UPOR <	0++ , ,0f'  F 	  P  	
[]\?[]\CV _a`cbVdOeDfg`ih s]rf;yh2rfgd£n XW h2nZY&zO`\[
PQSU.k^Us]ge^Uk]^_beiaSk^_beimuyD]e^QSUT_ocdT_stk^Uu]heiUkySUUv ©«muk:_sªb_sv]^xBQwUvSaSU](s -0/21!¦
ÜÜ{z|~}<
[ ) 1

! .1

! '   !6
¿< K M«*M Ã K Ni wH ¿`O MJ ¿  Pw 	w*M Ã K Ã
	    "H '   / ! -4
	
	.
	! 	 1& + ,
 $<	 ~	    -0/21 £¢   1¥¤ 5.1 	
  -9/:1 ! 1~     $¡ ~ -9/:1
­5U.x`_b¹_ w 	w*M K O tj ¿ Ä 	! ¿+© $¡ ~ -0/21 !   -0/21!{_sySvD®UySmbeiUs -0/21®eiQSU]^U!eYmb©_s]i_oeiad±
ki_be^yS]gxBQSUvwaSU]¦(pY]gmSS_b_saSU])x`_sUv w 	od*M K O1©exmuy~eikgSawe^U]e^meiQSUkgUu]geiUk]i_be^aSki_oeimsy
Ñ¦ Us¦e^QSUxmHxBx!fdxU:QSUk^UeiQSUk^Uu]heiUkySUUv ]\]^_beiawki_be^Uv1ªUmuySs]eimWe^]©«U!eiT+U\y~eiUkgb_s '
'  s -9/:1 µ]:_]i_be^aSki_be^ySb_saSUMCD E  ~  Q a,8<~ -  1Q !   -9/:1
 y mse^QSUkW)msk^vS]_¡]^U!ems©Y]i_be^aSki_be^yS¡b_saSU]+]+msySf_¡]^U!ems©U§cdxU]g]^³uUNb_sawU]9y e^QSU1x`_s]gUNms©_
]i_be^aSki_oeiyw]^xBQwUvSaSUs¦YdT9_sk^³fuH)Ux_s w 	od ¿ Ä¶"! Ã   À "! ¿_syNU§cdxU]g]^³uUxmdxBx!fHxUy1eiQSU
x`_s]gUmb©-]^_beiaSk^_beiyS]^xBQwUvSaSUs¦
 ye^QS]]gUxe^muy½l®U1]geiawvwfQSm&e^m,xmuT9rSawe^U   -0/21!¦5­¹U:(]^UU1e^Q7_bee^QS]rwk^muSUT xmuT9U]
vSm:y¸eim¹_syS]h)Uk^yS¹e^QSU ¨aSU]ge^muy ¬ # F=+.	  _&­ :	'+
	 ­ QwUy¸mdmsHyS,©«muk
]i_be^aSki_oeiyw]^xBQSUvSaSU]7®U.vwmySmse®muk^khf_stmuawee^QSUeimsei_s½]gxBQSUvwaSUeiT+Ub¦ YaSk_sT ]muyS³f+e^mWrSk^muU
eiQ7_oeeiQSU#k^Us]ge^UkySUUv¡x_sy,k^U_sxBQ,eiQSU#k^Us]ge^Uk]i_be^aSki_be^muyµSawex_sySySmseU!cdxUUv¡e`¦$R ywT9
ySWeiQSU
eimsei_s7]^xBQwUvSaSU\e^T9U]lxmsyS]^vSUkgUvy+dUx!e`¦Hq:QwUy+®UYkgUvSawxU:eiQSU\k^Uu]heiUkl]^_beiaSk^_beimuy¦pY]^m©«muk eiQSU
rSaSkgrªmu]gU#ms©-SaSvSyS]i_be^aSki_oeiyw+]gxBQSUvSawU]¢«e^mT+_ocdT9
UeiQSU.k^Uu]heiUk:ySUUv{¥§ªmdmsHyS©«muk:muyS³fmuySU
]^aS³eB_swU\HUk ms©_b_saSU\]l]ga 9xUy~eki_be^QSUkleiQS_symdmu¨yS.©«msk®_.uk^msaSrms©HUk^] 'F©«muk®_sy~f9]^xBQSUvSaSU
eiQ7_oe_s]^]guyw]YT9muk^U.eiQ7_syµmuySU¨Uk:©«msk_+b_saSUst)Ux_sy,SaSvµ_sySmse^QSUk]gxBQSUvwaSU:³eiQ,_beYU_s]geeiQSU
]i_sT9UYkgUu]ge^UkySUUv]gaSxBQeiQ7_be®eiQS]®b_saSUY]®¨Uv~fmsySf9muySUYxmuyS]gaST9Uk¦­¹UrSkgmuUYe^QS])_s]^]gUkge^muy
ªUm¦ Z=Ue:aS]:tUuy1~fD]gmuT+UvwU7yS³eimuyS]¦
HySxU®U.vSmWySmse_s]^]gaST9U_by¨fD]gxBQSUvwaSU©«muk /W7©«U!eiT+Uy~eiUkgb_s]:_bk^UySmse\vSU7ySUv ]^mW)U.x`_bySySmse
¨ySm _oe):QSxBQv7_be^U_b_saSU])¨Uv¦ V\m)U!uUkS)UYx`_syvwUvSaSxU:QSxBQxmuyS]gaST9Uk^])y { - Y,- 1l_sk^U
T9rªms]^]^SU¨Ukg])©«mukeiQwUs_baSUj¦  ©&8uy r  { - Y,-F 1®_sySvE - uy r 1U	+x u]:_s)_`fH]]^xBQSUvSaSUvªU!©«muk^U5 r :e^Q_beU_s]ge  6 -F8u 1rwk^mHxU]g]^mukx!fHxU]¦PQSUy 8ux_sy,ySUsUktUeiQSU_s]gek^U`_bv¡mb© ¦oe7mukU!cw_sT9rSUb)eiQwU xmuyS]^awT+Uk  yFe-S¦(}d¦³V x_sy ySU!uUk¨eiQSUDb_saSUTz]^ySxU1e9]_s³_`fH]9]^xBQSUvSaSUv
ªU!©«muk^U¹:³eiQ_beU`_b]ge0TrSkgmdxU]g]^mukxmHxB x!fdxU]¦­¹UxmsyS]^UHawUy~ei³f,vSUvwaSxU:QSxBQ¡xmuyS]gaST+Ukx`_sy
àrtmseiUy~ei _bf  ¨=_Wb_saSU9¢Jrtmse^Uy~ei_s¨Ukg]B¥§¦l­¹UySmse^U     -F 1®e^QSU.]^Uems©FmurtUki_oeimsyS]:QSxBQ x`_sy
¨_b_saSUjA 4 '
 0  - 1 !   { - I,- 1Jn\k  { - I,- 1 !]
YySUx`_byxBQSUxB9eiQ7_oe_s{murªUki_be^muyw]®y2 0  - 1l_sk^Ur7_ski_bU7y/9¦­¹UYrSkgmuUvyNPP:usteiQ7_be)_sy~f
murtUki_oeimsyeiQ7_be\vSmHU]:ySmbe:ªUmuySe^m     -F 1)x_syDySUsUk\¨ªeiQSUb_sawUj¦
k j ¿¨Ã  ¿  NiI 4h / ! -04 
	?
	.
	h
	 1 ¦H	   	13	 -# +.1~   s -0/21 	F6'¢  +,aH	
.	;50~#==='	') 9	 9	f , 9	 5­$	#=#=1   ) +E+,0m 	5 +
-# +.1~  ^ +s -0/21 +# a9	
 $¡ ~ q -0/21	 $¡ ~ -0/21
	1E.	#  ~#==='$	'+0­.1¦<% 	 +<)$­0	#=#=1
  ^ 	
  È?ÖhÖÏoÎ .!Ö  Ë!Ì×ÖzÇÓÐ?ÇÉËzË
* Ç zYÐ?ÆoÎ§ÐÏoÌ?Ë`ËËÕÌÎ!ÈÑÈ?Õ! ÏÐ?ÇÉËzYË7È«ÐÑÌ?Ç ß¼ÐÑÒÓÔ\ÏbËÈ«ÐÑÇ#"Ö-Ò ÎBÐÑÖ zoßhÇÓÖ^ÈÇÉÈÇ# ÏsË!Ì?ÐÑÎ zÐ
ÝFÜ=Ý«ã
 
			 "!$#%&#'#()*+,-#.	/	0	132547698 :;<1= c
  ÃÃ
	 
­¹U]^aSrSrtmu]gUeiQ7_be)eiQSUk^UU§cw]ge^]:_]^xBQSUvSaSU  +s -9/:1(:³eiQD_be)U_s]gemsySUU!cdxU]^]gsU.b_saSU
eiQS_be\Q7_s]T9muk^Ue^Q7_sy1muySU¨Uk'
E  +s -0/21;E U	 4 ~ -0/21 Q  0  ) 0 ,~ -F 1.Q  
­¹U]gQSm yeiQw]:rSk^mHms©FQSm eim9SaSv1_ySU ]^xBQSUvSaSU  ^  s -0/21]gaSxBQµe^Q7_bePµ]\¨Uv
~f1_aSyS¨aSU¨Uk_sySv  ^ ySUUvS]_be:U_s]ge\_b]\T+_sy~fkgUu]ge^Uk^]\_s] vSmHU]¦
daSrwrªmu]gU.e^Q7_be  Q7_s]+¨Uk^]_sxxmukgvSywWe^m*-7_sySvD)UySmbeiUeiQSUT$'
 ) 0 ,~ - 1 ! au HG G G  H
:e^Q  0 ~ -F 1 !  -0au 1  	 -0 u 1 ! !  -0 1  	 - 1!¦:­5UxBQSmHmu]^UmuySU¨Uk:eiQwy
eiQw]]gUee^m ªU eiQSUNmsySf´muySU ¨Uk9ms© º_sxxmuk^vwyS5e^m  ^ \]^_`f au§¦ ­¹UNSaSv  ^ ~f
à]gQS© e^yS  vwm:y au_bySvµ_b³ei]vSU]^xUySv7_by¨e^]Y:e^Q1_W]heikgxe^frªmu]ge^uU©J_bxeimskS]^_fNV '
'   4  ^ -F 1 ! |  - 1  ©h<\ au - 1 mseiQSUkg:]^U
°m¶)UrSkgmsUeiQ7_be  ^ ])b_svwywUUvw]_oe:U`_b]ge\_s]T+_sy~fkgUu]geiUk^]:_s]¡vSmHU]7_sySv au]
eiQwU.msySfHUkms©&N_bxxmsk^vSySeim  ^ ¦
 ^ MJ 
  !MJÄ ®Ux`_byU`_s]gf9xBQSUxBeiQS_be_sy~fvSUrtUySvwUySxU '*) ! - u  r 1	 ]®sUk^ 7Uv~f ^ '
Vu¦:©tmseiQX uy r \ au§Se^QSUy
 ^ - r 1   ^ - u 1 !  -F r 1   - u 1 	- ) 1
}d¦:ye^QSUx`_s]gU:QwUyA u' \ au4  r \ au
 ^ - r 1   ^ -F8u 1*! - r 1    -F8u 1  	 - ) 1
qw¦eiQwUx`_s]gUms©  u \  u 4  r \ au.]#T9rtmu]^]gSU+tUx_saS]^Ue^QSUD_skgx ) ! - uy r 1U!cd]gei]*"
|S¦:yDx_s]^U:QSUyµtmseiQX uy r \ au!we^QSUy
 ^ - r 1   ^ - u 1 !  -F r 1   - u 1  	 - ) 1
$¡ ~ q  $¡ ~  U!eW6:tU_syNU§cdxU]g]^³uUWxmdxBDxfHxU_bxxmsk^vSySeim*ªe^QSUy_bU!cdxU]^]guUb_sawU]\_sk^U]gTaweB_bySUmuaw]^f_suUvwaSk^yS56 '
'  	:4K~ -0/21 6  ~
!D '  	 4 ~ -0/21  -F 1	 - 1@K6m  «~ - 1
ÜÜ{z|~}<
V ) 1

! .1

! '   !6
VUk^Ub®®U1)_sy~e+e^m¹rwk^muUDeiQ7_oe9e^QSU]gU U§cdxU]g]^³uU b_saSU]9_sxxmukgvSywe^m ¶_skgU1]hei_bsU
vSaSkgyS56:_bxxmsk^vSySeim  ^ ¦lpYy~fb_saSU  +	 4 ~-0/21QS_s]\e^QSU]i_sT9UvSUSySe^muyDv7_be^Uy ^
_s]:ydeiQS]\]ªUx`_saw]^UmuyS³fA\ au)ySmHvSU]:Q7_`uU.tUUy1]^Qw© eiUvDvSm:yN_sySv'
' <U	 4 ~ -9/:1  Y  \ au
mse^QSUkh:]^U  ~   ~ :QSxBQ1]yDxmuy~eik^_svSxeimuy:e^QXhJ<	:4K~ -0/21!¦ PQSUy
'  	:4K~ -0/21  ^ -F 1 ! - 1
Vm®UsUkteiQSU.¨ywv7_be^U.mb© _sy~fDU!cdxU]^]gsU#b_saSU 7+	:4K~ -0/21xmuaSv tUySxk^U_s]^Uvµ~f
eiQwUe^ki_syw]^ _oeimsy©J_sxe^mukV '
'  	:4K~ -0/21  0 ~ - 1m  0«~ q - 1
:QSxBQ u³uU]
' <	 4 ~ -9/:1  ^ - 1@K6m& «~ q -F 1
!D $¡ ~ q  Q 	 4 ~ -9/:1.Q ! $¡ ~ -9/:1
au MJ*j ¿µÃ K ! À Ã K ¿ sM ! ! ¿  Ã
	P  ]gySxU:au    -F 1!we^QSUkgU]\ywm+mse^QSUk:rtmseiUy~ei _b
¨Uk d   - 1 4  ! auY]^aSxBQ5e^Q7_be2d\au§¦ Y eiQSUkg:]gUs aux_sySySmse.¨  ¢«rS¨
murtUk^_beimuyS]rSk^msrªUkge¼fw¥!¦  yeiQw]x`_s]gU  ^ - 1 !  - 1:QSU  ^ -0 u 1*! - 1  ¦­5U(xmsySxaSvSU
' X 0  - 1   au
  ^ -0au 1 	 -au 1    ^ - 1 	8- 1 !D   ) 0 ,A~ q -F 1 !f au

e-y7_s³fu~uUySUk^_s 
ySe^m_sk^weik^_skgf9y¨aSTtUk)ms©U!cdxU]^]guUb_saSU]®bUW¹¢«e^QSmu]gUeiQ7_be)Q7_`uU
T9muk^Uµe^Q7_sy muywUN¨Uk+_sySv _skgUN]^TaS³eB_sySUmuaS]gf _s³uU1:eiQª¥W]mu~HmsaS]^³f¸vSmsySUN~f
e^Uk^_bei³uU³fwaSvSySywU) ^ ]gxBQSUvwaSU©«mukU`_bxBQ ms©eiQwU]^Ub_sawU]¦
E
q r   ^ ! ¿ Ni NiN  +d~#===' 	'+ z  +o-# +.1~f==-+.1E J /
	6L 	6LEH9	-  9	_ ¬ ­,  ) h 	 4h &# +---   ¦ + +'%$­ £¢ z 	;! 5 ¬ -# +.1~ ¢y 	A ,=-+ .1 J /
	 L 	 P ¬ +,  	1E	
1=-#=1&	+ 	=0  ¢ .1H1 ¬  ¦<% 5	  + , o5=.1 £¢o -# +.1~f7 <9	 P	o  5(#.	a=
	.­ 9	 +$1¥¤ +  1&	0£¢(.	# a~#==='	'+(1-=
50# 9	  ¬ 
+ ­' 1&	E£¢ - a~#===' 	'+=  z 	1  H   ¢  .1 1 ¬ a¦<% 5	
 +05 ¬ -# +.1 9~,=( 9	 .	#  ~#==='	'+= 9	o	 +<)$­ 	
x Ã  Ã ! !JS À Ni I  'H	   / ! -4
	 	 	&
	 1$ +, $	 ¬ 	%*$	o<		 -# +.1)¢y /)# E 9	 .	#  <			'+ 9	o	 +<)&­	
ÝFÜ=Ý«ã
 
			 "!$#%&#'#()*+,-#.	/	0	132547698 :;<1= VuV
0: a ; b ; c
4: d ; g
17:
3:
29:
8:
time
9: e
11:
10: f
13: h ; i
12:
   
   
 
 
 

  
 
e-uawk^U}d¦Óq ' -cw_sT9rSU©«mukPQwUmukgUT1¦t}d¦VrSkgmdmb©
  ÃÃ
	 
 e]_vSk^UxexmuyS]^U¨aSUySxUWms©(PQSUmukgUT1¦=}d¦³Vu¦e7mukY_sy~fµ]^_beiawki_be^yS]gxBQSUvwaSU   s -0/21
]^awxBQe^Q7_beeiQSUk^UU§cw]ge^]]^muT9U#]^_beiaSk^_beiyS+b_saSU]\:QSxBQ,QS_sUT+msk^Ue^Q7_syNmsySU¨Uk7)U
x`_bySaSv_#ywU¶]^xBQSUvSaSU  ^ :QSUk^U_st]^_beiawki_be^yS.s_baSU]_sk^U¨Uv+¨f_#aSyw¨aSU¨Uk
]^awxBQ eiQS_be'
  -0/21 $¡ ~ q -9/:1 $¡ ~ -0/21 !   -0/21 !D $¡ ~ q -9/:1 !   -9/:1 !D  ^ s -0/21
E
peeiQw]rtmuy~eH®UQ7_`uUrSkgmuUye^Q7_be)e^m 7ySv1_#]^_beiawki_be^yS]gxBQSUvwaSU®Ux`_bymHmu©«muk)muywf9muySU¨Uk
©«mukU`_sxBQ¹s_baSUb¦+PQSUk^U+T_`f,tU+T9mukgUeiQ7_sy¹muySU9murtUki_oeimsy¡x_sySvSv7_be^UW©«msk.¨yS_b_saSUb¦ Z=Ue.aS]
]gei_skge~fN_s]^]gaST+ySD_©«aSySx!eimuyµeiQS_beUyd©«muk^xU]_sy,murtUk^_beimuyU   -F 1:eimtU#eiQSUawyS¨aSU¨Uk
ms©&U 4¦¿< K M«*M Ã K Ni la ¾ M ! !M K O 	 K s*M Ã K H '3	  / !-04 	
	.
	!
	 1 	­'&¢ ~5#  
 1¥¤ 5.1¦<%
 = 4      - 1
   - 1
 ©Y®Uµ_b]^]^awT+UeiQS_be - 1#]e^QSUDaSySHawU1¨Ukms©;f4()UDTaw]ge+_s)_`fH]9sUk^³© f eiQwUD©«msm:yS
_s]^]gUkheimsy '
'    - 1    - 1 
 -F 1	8- 1@    -F 1  	   - 1  ¢Ñ}d¦³V¥
PQwUk^U1]9_,©J_sT9f¡ms©Y]^xBQSUvSaSU]+e^Q7_be9Uyw]^aSkgU1e^QS]9_s]g]^Ukheimuy¦´PFm¡vSUSySU e^QSUT1(®UµU§cHeiUywv /
~fµySU! ]^Uk^ _bF_bk^x]\eiQ7_oeYUyw©«muk^xU_srªmse^Uy~ei_s=¨ywmurªUki_be^muyw]ms©U`_sxBQµb_saSU#NeimtU.]^xBQSUvSaSUv
ªU!©«muk^U2 -F 1!¦ PQS]\U`_svw]aS]eimeiQSU©«mum:ywvSUSySe^muy¦
ÜÜ{z|~}<
V} ) 1

! .1

! '   !6
1
1
c
g
b
f
i
a
h
e
d
dba
ih
fe
b
ih
a
e
d
f
 
Z
 
 +&\()-. @A5   
	  *  $	1)
eFuaSkgU.}d¦ | ' n(_svyw e7aSySx!eimsy
¿< K M«*M Ã K NiH  #"  Ã &M«w ¿ Ä  Ã  Q ' 	  / ! -4
	?
	.
	h
	 1 	1F	­'¢ ~5#  K  + m1.1  !  	=--# 	.1
  5.1 / 5! /5o2p 01¥¤ 5.1¦<%
	 5 ! ) ! -%  - 1 1 2T 4  <   -F 1    - 1 
¬   	- ) 1 ! 	 - 1  	   - 1   
¢Ñ}d¦É}u¥
PQwUy{_sy~fD]gxBQSUvSawU  s -0/ 581)UyS]gaSk^U]e^Q7_be ' U 4
'      -F 1    - 1     -F 1  	   - 1     -F 1  	 - 1
PQSU(xmuySvweimuy©«muk=eiQSUlU§cw]ge^UySxU)ms©d]^aSxBQ#]^xBQSUvSaSU(u³uU]eiQwU(xmuySvS³eimuyms©7_	
  !MJÄsM ! !M K O 	 	 K s*M Ã K '
]:_b_sv¨yS.©«aSySx!eimsy7CD / 5]\_sx!fdxx
e-saSk^U#}d¦ |u³uU]_syµU§cS_bT+rSU#ms© _9b_sv ¨yS©«aSySx!eimsy ª¦PQS]:©«aSySx!eimsyN]\]^QSm:y,~f ªmuvN_skgx]
yDr7_skhe¢hV¥§S:QSUkgUU`_sxBQ1eB_skguUe:¨]³ei]]gmuaSk^xU]¦)jF_skge¢?}u¥]eiQwU£p\¤¬_s]g]^mHx_beiUvDe^m ª¦
V_`dyS:_b_sv¨ySl©«aSySx!eimuy2ª)Ulx`_by.vwUvSaSxU eiQSU b_sawU]½:QSxBQx_syySUsUktU ]^T#aSei_sySUmsaS]^³f
_s³uU©«muk_by¨f MOs -0/ 5 1§¦dZ=U!e5\  - 1 !Z\?  4 ªUe^QSUW]^Ue.ms©)vSU]gxUySv7_sy~e.s_baSU]©«mskjK 4+
eiQSUy5_by¨fµvSU]gxUySv7_sy~e.s_baSUmb©  - 1x`_by¡ywUuUkªU]gTaS³eB_sywUmuaS]gf _suU.:e^Q =_b]]geB_oeiUvyNeiQSU
©«mum:ySUT9T_d¦
(¿  ¹ Ni N  ' 	  / ! -4
	?
	.
	&
	71 	1 		' 1 ­'¢ 5#   + ' U 4 
H
	0 + 1=-#=1&	+q	'+= £¢  - 1 #.	+5 ¦_' 	5=&'%d	'' ¬   
'  +s -9/ 5 1 '  \  -F 1   ~    ~ ¢Ñ}d¦Óq~¥
L 	_ + 1=-#=1&	+	'+=_#.	 ¦_' 	5=&'%d	'' ¬   c  	 	 E (s -0/ 581 
'    q  5 ª! B \ X ^#"$  \  - 1 
 ~    ~ ! ¢Ñ}d¦ |¨¥
ÝFÜ=Ý«ã
 
			 "!$#%&#'#()*+,-#.	/	0	132547698 :;<1= Vq
  ÃÃ
	 
X)muT9rSU!eiUrSkgmdmb©-]usUyDy¡PP:usÑwr7_suU}sqw¦
E
­¹UvSU7ySU._W£:p\¤ eiQ7_be:T9mHvSU])b_saSU]:QSxBQDx_syDySUsUk\ªU]gTaS³eB_sywUmuaS]gf+_suU_sxxmuk^vSySeim
_9¨yS©«awySxe^muy ª¦¿< K M«*M Ã K Ni bH  MJ ` Ã M K     ! 	 ¿  #"/k '
	  / ! -4
	
	.
	! 	 1 	1	x	' 1­'¢ ~5#  K + 1 y+	'+ !  £¢ / 	=--# 	.1
 K 5.1 345 -9/:1 ! -04 h
	 1 o1¥¤ 5.1¦<%
	 !  -F 1J2  4 4  \  -F 1 
py~f#_bk^x - 1½y:34 5 -0/21=T+U_syS]eiQ7_be& Ó]³©«Ue^T9U-y~e^Ukgb_s¨]-_s³_`fH]ªU!©«muk^U  Ó]³©«UeiT+U-y~eiUkgb_s
_sxxmuk^vwySWeim+_sy~fD]^xBQSUvSaSU#ms© / 5b7]^UUr7_skhe¢Jq~¥)ms© e-S¦7}d¦Ó|¦)PQS]:vSU7yweimuy1rªUk^T9ei]aw]\:kgeiyS
eiQSU©«mum:yw#eiQSUmuk^UT ¦
k j ¿¨Ã  ¿  NiN  ' 	   / ! -04 	
	.
	!
	71 	1 		' 1 ­'¢ 5#    +'
	 '  +s -0/ 5 1= $¡ ~ -0/21m Q cki 5aQ
	 E  +s -0/ 5 1= $¡ ~ -0/21 !>Q cji 5 Q¬ +, cji 5 o	 
	m
	s	+ # 9	  345 -9/:1
  ÃÃ
	 
X)muT9rSU!eiUrSkgmdmb©-]usUyDy¡PP:usÑwr7_suUWV-[w¦
E
PQwUmukgUT }d¦É}W_sm:])aS]eimWk^U!:k^e^UeiQSUk^Uu]heiUk]i_be^aSki_be^muy©«mukgTaS__s]  -9/:1 ! @5

 ! Q cki 5aQ
:e^Q cji 5W_T+_ocdT+_s_sy~eixBQ7_syµy 345 -9/:1§¦.­¹Uk^U!©«Uke^meiQSUrwk^muSUT ms© 7ySvSyS]^awxBQ5_¨yS
©«aSySx!eimsy _b]:e^QSU 
	m_#"<

	m
	7	+# 9	 rSk^msSUT ¢R R p¥§¦¿< K M«*M Ã K Ni I%$Q     . Ã  ! ¿  H ' 	/  / ! -04 	
	.
	!
	71 ¤ 1 	 	' 1­'¢ ~5#   +# a 9	
'  ^ 		' 1 ­'v¢ ~5#  £¢ / =IQ cki 5aQ  Q cji 5 q Q¬  cki 5 	1 cji 5 q  ¬  
	m
	h	+ # 9	9 345 -9/:1 	1 345 q -0/21 ,=+=# ''% 	
­5Ux_s(U`_bxBQ]^muaweimuy5©«muk.eiQSUaR R p rSk^msSUT _ w 	od*M K O 7M ! !M K O 	 	 K s*M Ã K  _bySv cji 5_sk^U
w 	w*M K O 
  ! 	 ¿  ¦°mse^U#eiQS_beeiQwUk^U#T_`f ªUT9mukgUeiQS_sy,muySUT+_ocdT+_s_sy~e^xBQ7_sy_bySvNeiQSUyN)U
x`_syQS_sUT+msk^U+e^Q7_sy msySU]^U!eWms©:]i_oeiaSk^_beiyS b_saSU]¦µ­5U]^U`_bk^xBQ©«muk#msySf¡muySU]^aSxBQ]^U!e`:QSxBQ]
]^a 9xUy~e©«mskmuawkYrSaSkgrªms]^Us¦ uyw©«mskgeiawy7_beiUfs 7ywvSyS_]i_oeiaSk^_beiyS¨yS©«aSySx!eimsyN]°Yj-±¼xmuT9rSU!eiU
 PP:ssÑ¦
&' ÖlßhÎzYÈ?Ç# ÏÒÉÇ# Ô:Ð?ÆoÇÉÈ Uã WØ`ÔÐ²Î§Í`Ç z .)ËLzÒÉÔ:Ç Ð²ÈÐ?Ì²Î zbÈJÇÓÐ?Ç "!Ö-Ì?Ö^×ÕoßàÐ?ÇÉËz
ÜÜ{z|~}<
V`| ) 1

! .1

! '   !6
dba
ih
fe
 
&\()
e-uaSk^U}d¦ T'ljFmse^Uy~ei_s yS£p\¤
[]\?[]\    `cyh2d£e<fgd£u p6nh n [&yfgd &b _ s
dywxU 7ywvSyS_]i_oeiaSk^_beiyS¨ywW©«awySxe^muy ]°j-±¼xmsT+rSUe^Us{eiQS]Y]^Uxe^muy,rSkgU]gUy~ei]muawkYQSUaSk^]geix]
eim_srSrSkgmcdT_be^U_sy1murweiT_b 1~f1_sySmbeiQSUk\b_sv¨yw©«aSySxe^muy ¦®­5U.Q7_`uUeim+xBQSmdms]^U_9¨yS
murtUki_oeimsyN©«mukU`_bxBQ¡b_saSU]^awxBQ¹eiQS_be®U9T+_ocdT9
Ue^QSUr7_sk^_sUs_baSU]y 345 -9/:1§¦ e7mukYe^QS]_bT1
)USaSv+_ ^ Ã  ¿ K *M« ! sM ! !M K O: #" ms©/WHySmseiUv ),+.-0/21 !-4
	
	 1§He^m#T9mdvSU7rªmbeiUy~e^ _s7¨yS
k^U _be^muyS])ªU!e¼)UUyNmurtUk^_beimuyS]¢J]gUU0e-w¦7}d¦ Tu¥!S:QwUk^U '
		 !-F 1JZA 4 4   0  - 1 
­¹UQ7_`sUe^mxBQSmHmu]^U]gaSxBQµ_¨yS.murªUki_be^muy+©«k^muTeiQSUb_saSU  ]rtmseiUy~ei _b½¨yw]gUe:]^ySxU)UQ7_`uU
rSk^msUy5e^Q7_bemuyS³f,rtmseiUy¨e^ _s-HUk^]Yx`_sy¹HeiQ7_beb_saSU¦ YaSkQwUaSkg]ge^x]©«mHxaw]muy,e^QSU+rtmse^Uy~ei_s
¨yS£:p\¤ ),+.-0/21!~]heB_skheiyS©«k^muT ]^muaSkgxU:ySmHvSU] e^m]gyS¨]¦ Yawk®_bT ]eim.]^UUxe®_uk^muawr9mb©½¨yS
murtUki_oeimsyS]©«muk#_Nuk^msaSrms©:r7_skgUy~ei]e^mNsUUr _s]T+_sy~f¡vSU]gxUywv7_sy~eWs_baSU]_s³uU_s]rtmu]^]gSUs¦NPQSU
T_by]ge^UrS]\ms©FmuaSk:QSUaSk^]geix]:_skgU '
Vu¦vSUxmuT9rªms]^UeiQSUrtmseiUy~ei _b¨yS#£p\¤)2+.-9/:1)y¨e^mWxmuySywUxe^Uv Sr7_bkgei³eiUxmuT9rªmuywUy~ei]I"
}d¦©«mukU_sxBQµSr7_skheie^UxmsT+rtmuySUy¨eS]^U_sk^xBQ1©«mukeiQwU.tU]he\]i_be^aSki_be^ySW¨yS#]gUe#¢JvSU7ySUvµtUm¥l"
qw¦xBQSmHmu]^U_¨ySmurtUki_oeimsy:eiQwyeiQSU]^_beiaSk^_beiyS¨yw#]^U!e¢«vSUSySUv ªUm¥!¦
­5UvwUxmsT+rtmu]^Ue^QSUrtmseiUy¨e^ _st¨yw#£p\¤»y¨e^mxmuywySUx!eiUv1Sr7_skge^e^UxmuT+rtmuySUy~ei].¢X g X¥)ymukgvSUk
eim xBQwmdmu]gU,_5xmuT+T9muy´]i_be^aSki_oeiyw5¨yw¡]gUe©«msk_5sk^muaSr¸ms©r7_skgUy~ei]¦ YaSkrSawk^rtmu]^U ]+e^m Q7_`uU
_ T+_ocdTawT y¨aSTtUk.ms©xBQSvSkgUy5_sySv¹e^QSUkvSU]gxUywv7_sy~ei]b_saSU].]^TaSei_sySUmuaS]^³f,_ssUW:³eiQ¡eiQSUk
r7_skgUy~ei]:b_saSU]¦
¿< K M«*M Ã K Ni I)I x Ã KK ¿ s ¿ Ä_M ^ S*M  ¿ x Ã  ^ Ã K ¿ K H ' 	  / ! -04 
	?
	.
	&
	71
	 #=+5=#.1a¦< 9	    #= +5+ 1yz ! -     
	  1 £¢  d+ +  	 ­'  !  ),+.-0/21 !
-4
	
	 1  1¥¤ 5.1 ¦<%
	 	  e 	
	 	,#= 	, + +  	 ­'
,/	 9
	 1yz ! -     
	  1 _#=+5=# .1  '*) uy ) [+	 
E 	 ' - ) u
HGHGHGI ) 1 ) ª 	1 ) ª  u 	,o	&1  L	#=+
	 	+% 	=# ) +	
	 	&1  L	#=+  	 	=# )_^ 	 (	 - ¦( 	  
'*) 	
	fE ) ^ 	   )  ) ^ 	, 	&1  L	#=+ !YD ) U	 
 ÆÖgÌ?Ö Ë!ÕÌ=ÎÈ?È?Õ! ÏÐ?ÇÉËzÐ?ÆbÎBÐ=Ë!ÏsÖhÌ²ÎBÐÑÇÓËLzÒ ÎBÐÑÖ zoßhÇÓÖ^È ®ÕoÈJÐØbÖ ÈJÐ?ÌÑÇÉßàÐ?ÒÉÔ:ÏbËÈJÇÓÐ?Ç "!ÖÇ È=Ç  )ÏsË!Ì?ÐÑÎzÐªÐÑËÏÌ?Ë "ÖÐÑÆÇÉÈÎ!ÈÑÈJÖgÌJÐÑÇÓËLz
ÝFÜ=Ý«ã
 
			 "!$#%&#'#()*+,-#.	/	0	132547698 :;<1= V*T
ih
ih
fedb
fe
a  
  
e-uaSk^U}d¦É ' g)r7_bkgei³eiU£UxmsT+rtmu]^³eimuy
	   ! 2,  4*7E ) 	  4X, ! ,.- 021 ) - ) 1  9	=+q	'+=
	   !.6 47E ) 	  4, !M6 80/9 ) 6 - ) 1  # /1, 5<1=  + +  	 ­'a=+	 9 
	 1yz ! -     
	  1  ¦< 9	  
 )  ) ^ 	  6 8029 ) 6 - ) 1*! ,-%0 1 ) - ) ^ 1
p Sr7_bkgei³eiUvwUxmsT+rtmu]^³eimuyms©FeiQSUrtmseiUy¨e^ _sª¨yS#uki_srwQ ),+.-0/21)]e^QSU]^U!e
 -9/:1 !/1yz !-     
	  1J '*) 	
	 Ea1 zW  -0/21= ) 	  
pxxmuk^vSySeim£YU©à¦H}d¦³VuVu~e^QSUkgU\U§cd]ge^]®msySfmsySU:Sr7_bkgei³eiUvwUxmsT+rtmu]^³eimuy  -9/:1-©«muk /¢«]^UUfe-S¦¨}d¦Ó~¥
_sySv
' 1yzk  -9/:1 ' ,  , ^    ' 6  6 ^    ,xQ Q , ^ 4 6.Q Q 6 ^ y ),+.-0/21
p ]i_be^aSki_oeiyw ¨yS]gUe   +   - 1yz 19ms©._ SrS_skge^eiU1xmsT+rtmuySUy¨e71 z ! -     
	  1+]_ ]^aSw]^Ue
 ^ e   ]gaSxBQ¹e^Q7_be³©(®U9xBQSmdms]^U9_1¨ySmsrªUki_be^muyN©«kgmuT e^QS]]gaSS]^U!e`eiQSUy¡®U+sUe._T_cwT_b
y¨aSTtUk:ms©FvSU]gxUywv7_sy~eYb_saSU]ms©-xBQSvSk^UyDy   ]^TaS³eB_sySUmuaS]gf_s³uU:e^QDr7_sk^Uy~e\b_saSU]y   ¦
¿< K M«*M Ã K Ni INH P½w 	od*M K O ¾ M ! ! M K O P ¿   ' 	   / !-4
	
	.
	! 	 1$ 	 <	 ~	 ­'"-  +   - 1yz 1 £¢_	 #=+5=# .1:¦< 9	  #= +5+ 1yz5  -9/:1 d	";¦-  ^ e    +# 9	

H
	$­'d#=9	+ f	m9	=+    _`¦;++ 	'%­.1¦<%_	 .	 50# /1_  ^

  q
	 !$
-F6 1 !  
L 	0_+_#"<
 +0+¦ £¢o1=-#=1&	+	')=_£¢  ^

[Q 
  q	
\ <6.Q
Vm®UuUku³uUyN_££¤ / ! -4
	?
	.
	h
	 1 _sySv,_+xmuySywUxe^UvSr7_skge^e^U.xmuT9rªmuywUy~ej1yzZ  -0/21!
xmuT9rSawe^yS   +   - 1yz 1)]:°Yj-±²xmuT9rSU!eiUWPP:ub?¦
 ãNÏÌÑË`ËwËHÐÑÆÇ ÈÎ!ÈÑÈJÖgÌJÐÑÇÓËLz\Ç È .!Ç "!ÖzÇ z Å=Å oÏoÎ/.Ö 
ÜÜ{z|~}<
V ) 1

! .1

! '   !6
 ! O{Ã M«-j  I ¤kgUUvwf~±  '(_ VUaSk^]geix©«mukR R p»j k^muwUT
¿  	 MJ ¿  _9££¤/ ! -04 	
	.
	& 	 1
	²Ã + ! ! b_saSU] A 4 Ä Ã
 - 1 ! #_sts_baSU]:_sk^Uywei_s³fySmuy1¨Uv
¿ K Ä 	²Ã 
Sawv  -0/21)eiQSUSr7_skge^e^UvSUxmuT9rªmu]ge^muymb© ),+.-0/21!¦
	²Ã + ! ! SrS_skge^eiUYxmuT9rªmsySUy~e;1 z ! -     
	  1  -9/:1 Ä Ã = !   _s½r7_skgUy~ei]_skgUyS³ei _bfWawySxmuUk^Uvn= ! 	`yS³ei _bfs~ySm9xaSTaw _be^UvDvSU]gxUySv7_sy~eYb_saSU]

  +    -1 z 1= !
Â jM ! ¿ ! Ä ÃSaSve^QSU .©«muk 1yz
]gUUxe:eiQwU.xBQwv76   :e^QeiQSUT+_ocdT+_s½xmu]ge  - 6 1
  +   8- 1yz 1= !   +   8-1 z 1.6
 = !   $ -F6 1`k^UT9muU.xmuUk^Uvµr7_skgUy~ei]
n= !d\ <6aSrtv7_be^UeiQSUxawTaS _oeiUvDvSU]^xUySvSUy~eb_saSU]
¿ K Ä Â jM ! ¿
	²Ã  ! ! 6   +    - 1yz 1 Ä ÃyvSUxk^U`_b]^yw+xmu]ge\mukgvSUk

	²Ã + ! ! r7_sk^Uy~ek,   $ -F6 1 Ä ÃM 	:8- , 1*!)# *j ¿ K `HªySmuyD¨Uvr7_bk^Uy~e^]ms©h6
 - , 1= !M6
¿ K Ä M 	
¿ K Ä 	²Ã 
¿ K Ä 	²Ã 
¿ K Ä 	²Ã 
 ¿ 	MJ*MJ 	²Ã   M K Ä M K O  P ¾ P  y~eiaS³ei³uU³fuu®U]gQSmuaSv+xBQwmdmu]gUY_]^awS]^U!ems©ªxBQSvSk^Uy+yWSr7_bkh±
ei³eiUYxmuT9rªmuywUy~e)e^Q7_be)®muaSv¨7e^QSUukgU`_be^U]geyHawTªUk)ms©rS_sk^Uy¨e^]:QSUT9ywT9
ySeiQwUy¨aSTtUkms©
vSU]gxUySv7_sy~e:b_saSU]¦ e7mukleiQS]_sT ~®UvSUSySU_#xms]ge©«aSywxeimuy e^Q7_bertUkgT+³ei](aS])eim#xBQSmdms]^UeiQwUYtU]ge
x`_sywvSv7_oeiUxBQSv¦¤³uUy¡_Sr7_skge^e^U#xmsT+rtmuySUy¨e#1yz2! -     
	  1_sySv¡_]^Ue!ms©¢JxaSTaS_beiUv{¥
vSU]gxUySv7_sy~eYb_saSU]:_bySvµ_]gUe mb©-ySmsy ¢ fuUeB¥HUvr7_skgUy~ei]7eiQSUxmu]ge\ms©_WxBQwv76   ] '
 *-F6 1 ! "#$ #%'& (*)
	
  ,+- && .0/ ,1

&
³©\  62 !
Q !$ - 6 1  BQ mse^QSUkh:]gU
PQwU 7kg]ge®x`_s]gUYUyS_sSU])aS](eim.]^UUx!e)e^QSUYxBQSvWeiQ7_oe)xmsUkg])eiQSU\T9mu]ge®ySmuy+HUv9r7_sk^Uy~ei]®:³eiQ9eiQSU
T+yST#aST vSU]gxUySv7_sy~e.s_baSU]¦  ©(e^QSUkgUW]Yywm1vwU]^xUySvS_sy~e.b_saSUsªeiQSUy®UWxBQSmHmu]^Ue^QSUxBQSvN:QSxBQ
xmuUk^]\eiQSUT9mu]ge:ySmsy1¨Uvr7_skgUy~ei]¦
pumsk^e^QSTVW]_T9mdvS 7Uv,sk^UUvwf,QSUaSk^]ge^xeiQS_be]^U_sk^xBQSU].©«msk_sy¡_srSrSkgmcdT_be^muy   +    _sySv
xmuT9rSawe^U]_¨yS©«aSySx!eimsy  yrªmu³fHySmuT9 _s7xmuT+rwU!cd³e¼fu¦ YaSkQwUaSkg]ge^xQ7_s])e^QSUY©«mum:yS.rSkgmurd±
UkheiU]¢JrSkgmsUy y¡ PP:sb ¥'¦
Vu¦\¤k^UUvwf~± D_s)_`fH]\rwk^mHvSaSxU]Y_b_sv¨yw©«aSySx!eimuy   "
}d¦:j 9¢Ñ¤.¥ ])_by+y¨sUkheiUv+eik^UU !YD ¤kgUUvwf~± 9suU])_bymurwe^T+_sw]gmuadeimsyW©«msk(e^QSU$R R p¶rwk^muSUT1¦
PmW]^aST9T+_sk^ 
UYe^QS]:]^Uxe^muywQSUkgU#_skgUmuaSk:]ge^UrS]e^m+xmuT+rwaweiUe^QSUk^Us]ge^Uk]^_beiaSk^_beimuy '
ÝFÜ=Ý«ã
 
			 "!$#%&#'#()*+,-#.	/	0	132547698 :;<1= V*U
9: f
12: i
17: e
20: h
0: a ; b ; c
4: d ; g
16:
3:
19:
36:
11:
(4) a saturating schedule
8:
time
d
b
f
ih
e
a
d
2/2 2/3
2
2
ba
ih
fe
(3) build saturating schedule
1
1
5
c
g
b
f
i
a
h
e
d
*  
	

   
 
  
 
	
   
Z
  # 8$ 	 ) +C &\()-. @A5 
e-uaSk^U}d¦ U' cw_sT9rSUms©Z:Us]ge^Ukw_be^aSki_oeimsyEX)muT+rwaweiyS
Vu¦:_srSrwfD¤k^UUvwf~± Dmuy /W¦ PQSUkgU]gaSe:]:_b_sv¨yS©«aSywxeimuy Y"
}d¦xmsyS]ge^k^aSx!ee^QSUvS] ngmuy~eb_saSU£p\¤34 5 68-0/21l"
qw¦7ySv9_T+_ocdT+_sH_sy~eixBQ7_sy cki 576lms© 345768-0/21FaS]gyS£®mukheiQvSUxmuT9rªms]^e^muy¢JT9yST_b~xBQ7_sy
vSUxmuT9rªms]^e^muy» X£Usqs ¥l"W]i_be^aSki_be^yS´b_saSU]N_skgU¹e^QSUy cki 576,_sySv    -0/21.! Q cki 5762Q?m  5 -9/:1
q r   ^ ! ¿ Ni NiQ J /~, L 	  '=o	 `	 ( __
	 #" + ¬H¬ _#=  +0,<	  	 	 F 	  IH '=	 <	 ~	  ­' ¢ ~5#   #= .1 ¦<%  ,=.1%

 x¦/1d	,#=15 =
9	 .	# a	­ 0-~,#==	 	# P­0/	D¦.1¦<%
 _#=-  	 F 	 TL '=( + 1 y+	') !  	=--# 	.1     	 	 .	  	')="	,  %
z.%   -    -0/21 !	 R <	 ++
, ,	 F 	  P ( + ¬ $	 m1.1E !  £¢ / 5 6  ¦<~/1 <		 -# +.1=  ¬  _`; ¢y,#=<	 .	  	')=f ¦ _' 	5=&'%_	''
	;! +%o-# +.1£¢    !  5=.1a=, 
	
<		
-# +.1(f'  9	   	
  ! "#$%'&(*)+%,.-0/ 12-0 3)+*45-6/
798;:=<?>A@@CB5D5:=>FEG8$H*IJBLKMEGNCO(PRQA>FSB0:C<TBVU?NCEGWTQFBOXEYK!DEGOLUTZ?:C>A8T[:C<TBVEGU\:=>AO(PRQ]N^B[G>F@^:CBN@=PY:CZTN=P_:=>AER8`ZT@^>A8T[
QA>F8TBaPRNbPRQA[RBWTNCP?c"d`BeWTZT>FQAfg>F8h:CB[GB5NiQA>F8TBaPYNbUTN^EG[GN=PYO(OL>A8T[(O(EjfTB5QA@k:CElm8Tfn@=PY:CZTN=P_:=>A8?[+@CDo<TB5fTZTQFB@ prq
s4tu6v.HwPR8?fx:=<TB58nIBefTB5fTZTDBzy{}|~y4"Ttu0vc"EjfTBQF>A8T[+@^Do<TBf?ZTQA>F8T[UTNCERWTQAB5OZT@^>A8T[>F8:=B[RBNiQF>A8TBPRN
UTNCER[GN=PROLOL>A8T[<mPR@zWB5B8@^:CZTfT>AB5f>A8\PIG\H4"R\H,d\HbQ:oHiGc;d`B3PRfmPRU\:e:=<TB5>AN
O(EjfTB5QA@k:CE+:oPRYB>A8:CEPRDD5EGZT8:NCB5[G>A@:=B5Ni@=PY:CZTN=P_:=>AER8gPR8Tfx YPRQFZTB@k@C>AO0ZTQF:=PR8TBERZT@CQ¡¢PYQA>F RB£I>F:C<xfTB5QPa¡GB5f
NCBPRf¥¤_IN^>F:=B4KMN^EGOPR8?f3>F8:=EzNCB5[G>A@:=BN^@cd`B"W¦B[R>A8§W¡NCB5DaPRQFQA>A8?[0I<mPY:>A@!>F8:=B[RBN!QA>F8TBaPYNUTNCER[GN=PROLOL>A8T[Tc
 ©¨^ªJ«R¨¬­¯®°±­²³¬´µ¶_®©¨Cµ¨^¬¬´.¬$·a¸´5¶¬w¹¨¶_¬­¯ºM³­®^º$­ºwº»³¶Yµ­¼¨Cµb­¼²½a¨C®9³^¾R¿
ÀÁ «¬´oÂ.¨^²k®´.¬¬¨C®9³w°±Ã.´.¬­¼³¹ªÄ­¯ºw«¬´oÂa­µ¨Cµ!ÅÆ´5¬$³¹­¯ºw«¶¬«R´5º¨,­²Ç ÈwÈwÉ5É=ÊË«_°Ã5¨Ì.É¾
ÍÍ ²RÎ\ÏÌ.Ð.Ñ
  	
	


 "!#%$ &	')(+*-,.*0/21435'*-6./278/:9.,;/:6<=<>35',
7 :>A@]O(PR>F8TQF¡"ZT@^Bfz:=EiKMEGN^OVPRQF>AS5BD5EGOWT>F8mPY:=ERN^¡6UTNCEGW?QABOL@@?JBPGBA?HC?)D\HFEGE H ?  c,k8z>A8:=B5[GBNQF>A8TBPRN
UTNCER[GN=PROLOL>A8T[iU?NCEGWTQFBOJIKMLON+P,DEG8T@^>A@:=@ >A8elm8TfT>F8T[:=<TBO(PRQ\>AOZTO~ERK P"D5BN^:=PR>A8LQA>F8TBaPYN,KMZT8TD.:=>AER8LZ?8TfTBN
QA>F8TBaPRNJDEG8T@:=NCPR>A8:=@5cS¥ERNCO(PRQAQ¡GHh>F:>F@!@CEGQ \>F8T[:=<?BKMERQAQAEI>F8T[UTN^EGWTQAB5OUTIM@^:oPY8TfmPRN^f3KMEGN^OZTQAPY:=>FEG8PV
tWKXLNjv YZ\[ ¢P]Q?>FO(>FSB^IMEGN>F8T>AOL>AS5BP`_|badcfe EGWg^B5D5:C>F GB4KMZT8?D5:=>FEG8h cfe|ji >A8:CB[GB5N!DEG8T@:=NCPR>A8:=@e q8k;l >A8:CB[GB5N RPYNC>PYWTQAB5@
I<TBN^B h >A@ PR8t"m=no$v>F8h:CB[GB5NO(PY:CNC>pQHPY8Tfqi!PR8rmts GBD.:=EGN5c798V[GB58TBNCPRQHlm8Tf?>A8T[6PR8LBuQ?PRD5:J@CEGQFZ?:=>FEG8
ERK*75v U?NCEGWTQFBOL@>A@JHxw9D5EGOLUTQAB.:=Be@?JBaPRBAYc.S¥ERNJNCB5@CEGQFZ?:=>FEG8V:CBDo<T8T>zyhZTB@5HTIJB4>F8h j>:=BiN^BaPRfTB5NC@:CEeNCB5KMB5NJ:=E
{EGE H ?  c "!#W |q}#6.~(2*-,.3%C(+*0/b 6(/:6(+359'78/:9;%*X< 9G*-535',
798":C<T>A@w@^BD.:=>AER8$H_IB DEG8T@^>AfTB5NP!ru |2t;Uxuv PR8Tf4INC>:=BPR8">A8:CB[GB5NwQA>A8?BaPRN$U?NCEG[GNCPROLO(>F8T[
O(EjfTB5Q\:=EbDEGOLUTZ?:CBJ:=<TBJEGU?:=>FOVPYQ+kcB4U¦BNCPY:=>FEG8QAPY:=B58TD>FB@]PYNCB>F8h:CB[GB5NC@HPR8Tf:C<TBPRNCD5@]DaPY8eWBB5>F:C<TBN EI fTB5UB58TfTB58TD>FB@EGNPR8¡ER:C<TBN@CB5NC>APRQ$DER8T@^:CN=PR>F8h:C@ ` c]d`BRBB5U:C<TB48TER:=PY:=>FEG8ERKgPR8?fxI<T>ADo<
PRNCB:C<TBe@CB.:"ERK RPYQAZTB5@4PR8Tfg:=<?Be@CB5:"ERK  EI PRNCD5@4NCB5@CU$cvwB.:ZT@4@^:=PRN^:W¡xIN^>F:=>F8T[PR8?f f?B5lm8T>F8T[@CERO(B
QA>F8TBaPRNJUTNCEG[RN=PROLO(>F8T[0:CBDo<T8T>zyhZTB@5c0 ¡£¢¥¤)¦§X¢¨©qª©] «©]¨¬¡­¡­¦§M«¯®d¢°R±²§M¦³0´M¢µ
798}:=<T>F@+@CB5D5:=>FEG8$HIJBnfTB.lm8TBg<TEI	:=EBuQ\UTN^B@^@3@^EGOLBxQAEG[R>ADaPYQkBQ?U?NCB@^@C>FEG8}I>F:=<}QF>A8TBPRNVU?NCEG[GNCPROLO(>F8T[
:=B5Do<T8T>¶yhZTB5@c·¸-¹ ©]¢+µºµf¦"§X«¼»4 ½ ¾¿¢F¨¬§ÁÀ ¹ ¢F©]¨Â ©Rµ8Ã¦ÄÂ]±>¤¦§M¢F¨:©ÆÅÇ §MµÈÂ©]¨¬¦§Â]µ 798:=N^>A8T@^>ADaPYQAQF¡RH]PR8>F8h:CB[GB5NvXH
UTNCERWTQAB5OfTB5lT8TB@:=<TB4:9IE(W¦EjEGQABPR8EGU¦BN=P_:=EGN^@ÉPR8TftÊqVË <mPa j>A8T[+:9IE3DEG8T@:=NCPR>A8:=@4O(PY:CNC>pQ h PY8Tf hÌ I>F:C<gfT>AOLB8?@C>AER8T@^ImÍnÎo-PiPY8TfÏIm Ì nÎo-PHw@=Pa¡j>A8T[
:=<TPY:#exOZT@:WB"Pz@CEGQFZ?:=>FEG8+KMEGNWEY:=<§ERK,:C<TBO£>A@O(EjfTB5QABf§W¡§fTB.lm8T>A8?[(PY8¢PR[R[GNCB5[PY:=B5fO(PY:CNC>pQÐh ERK fT>AOLB8T@^>AEG8ntm>ÑÆm Ì v n8oxI<TB5NCBV Ðh |ÓÒ hh ÌÔË <mPa j>A8T[zP6QA>A8?BaPRNDEG8T@:=NCPR>A8:#Õ tev Ö×iHT@=Pa¡j>A8T[:C<mPY: e3OZ?@^:!8TEY: GB5NC>FK ¡L:=<?BiDEG8?fT>F:C>AEG8ØÕ tevdÖbi
>A@!OLEjfTBQFBf§W¡@CB.:C:=>F8T[UÕ,tev ÙÚicË <mPa j>A8T[+P+DEG8T@:=NCPR>A8:=@bOVPY:CNC>ÛQ h I>F:C<8m'QA>F8TB@4Im'QA>F8TBaPRNDER8T@^:CN=PR>F8h:C@ÜÕCÝÕßÞººccc0Õ]à P.H@=Pa¡j>A8T[
:=<TPY:#e¢OZ?@^:8TER:! RBNC>K ¡ h e8Ö×ib>A@!OLE\f?BQAB5fW¡VÕCÝ.t¿ev ÙÚiºÝ­áÍÕRÞatev ÙÚiÞÏáâccc4áãÕ]àbtev Ùäià
798;¼iBåHT:C<TB"PRZ?:=<?EGNC@@C<?EI <TEI :=EzOLE\f?BQ :C<TBfT>A@Äg^ZT8TD5:C>F RB"ERUB5N=PY:CEGNác)EJEG8T@C>FfTBN!:C<TBUTNCEGW?QABOæVç È$¹­¯º ÅÆ´.¬ª ¶_±°³­´.²i®°²b·R¨;èw¬­¼³»³¨²i¶_º­¼²Ã­²¨Oé¶_°.±¼­¼³M¸®´.²_º»³¬ °­²³ºê¿ëËFìË{íËBîMï9¾ð¿ñ è ¨]¬¨^±¼¨C°.º¨*³¹¨®©´5²_ºM³¬°.­¼²³ ³¹_°³*°.ºº»¶_ªJ¨º»³¬­®©³±¸«R´5º­ ³­¼Â5¨,±¯°o³¨²_®­¼¨Cº¾ðWð èw­¼³¹i«R´5ºº»­·±¸²¨Ã°o³­¼Â5¨,º«Y¨C®©­óò_¨^µb±¯°o³¨²_®­¼¨Cº¾ ô¿õ
Í
ô
Á
 "Ä		
	` "t 
uÜ ¬		 !#"%$0'& ()º*	   
  c!O(PRQ\>AOL>ASB Õ,tevH:e q,+ I + >A@:C<TBfTEGO(PR>A8@^B5:ERKMePå\c!@CZ?Wg^BD.:k:CE -.../ 0
Ý.t¿evGÖ210 Þat¿evGÖ21ccc0 àktev Ö21
354446  ©
-.../
7 Ý5tev Ö217 Þtev Ö21
ccc7 à98tev Ö21
354446
?¡>F8h:CNCEjfTZTD5>A8T[LPeWT>A8TPRN^¡( RPYNC>PYWTQAB;: q=< 1?>@hH?:C<T>A@!f?>A@¿g^Z?8TD5:C>AEG8>F@BÈyhZT>F YPRQFB8:!:=EGVYAAAAAAAAAAAAAAAAAAZ AAAAAAAAAAAAAAAAAA[
0 Ý.t¿ev Ö2: 0 Ý0 Þat¿ev Ö2: 0 Þccc0 àktev Ö2: 0 à7 Ýtev Ö2t>GsB:]v 7 Ý7 Þtev Ö2t>GsB:]v 7 Þ
ccc7 à8tev Ö t>#sB:]v 7 à98: qC< 1?>@
I<TBN^B 0D E|F1zPR8Tf 7 D E|G1zPRNCBi:9IEVh8TEI8¢8?EG8§8jZ?QAQ$lm8T>:=B4QFEIBN!W¦EGZT8?fT@KMERN 0D PR8?f 7 D NCB5@CU$c
798¢EGZTN>A8:=B5[GBNvMH}OLE\f?BQHmIB0I>AQFQw8TBB5fx:=E+BQ\UTNCB5@C@i:=<?B0fT>F@¿g^ZT8TD.:=> GB6KMERNCOZTQAPzI>:=<3:=<TN^BBQF>A8TBPRN
DEG8?@^:=NCPR>A8:C@0VÕCÝtev Ö21 áãÕßÞat¿ev Ö21 áãÕHt¿evGÖI1KJ tÕBÝ5tev Ö21 áãÕRÞtev Ö21v£áÓÕHtev Ö21
d;B>F8h:CNCEjfTZTD5B6PeW¦E\ERQABaPY8WT>A8mPYN^¡V YPRN^>PRW?QAB 7 q=< 1?>@:=EzBQ?U?NCB@^@k:C<TB4lmNC@:kf?>ADo<TER:CEGO0¡VYZ [ ÕCÝ5t¿evxs 7 ÕBÝ Ö21ÕßÞt¿evxs t>#s 7 vÕRÞ Ö217 qC< 1L>@ MONP áãÕHt¿evGÖ21
I<TBN^BØÕCÝ PR8Tf ÕRÞ PRN^B(:9IEx8TEG8`8jZ?QAQlm8T>:=BLQAEIJB5N0W¦EGZT8Tf?@0ERKÕBÝ"PR8Tf­ÕßÞ0N^B@^U$cD*E¢BQ\UTNCB5@C@:=<?BVQPY@^:
fT>ADo<?ER:=EGO6¡GH?IB6>F8:=NCEjfTZTD5BPL@^BD5EG8Tf3WEjEGQABPR8§WT>A8TPRN^¡( RPYNC>PYWTQAB 7:Ì q#< 1L>@VYAAZ AA[ ÕCÝ5tevxs 7 ÕBÝ Ö 7 Ì nÎÕ ÌÝÕßÞtevxs tQ>#s 7 vÕßÞ Ö 7Ì nÎÕ ÌÞÕHtev Ö tQ>s 7Ì vÕH7  7 Ì qC< 1+?>@
I<TBN^BztÕ ÌÝ Õ ÌÞ ÕH v PRNCBlm8T>F:CBb8TER8+8hZTQAQ¦QAEIBNJW¦EGZT8?fT@JKMEGNbtÕCÝ½s 7 ÕCÝ ÕßÞXst>.s 7 vÕßÞ ÕH.vNCB@^U$c]d`BiDaPR8
Do<TEG@^BVtWÕ ÌÝ |æmSRWo,tOs!>BÕCÝ v^v!PR@PzlT8T>F:CB48TEG8§8hZTQAQwQFEIBN!W¦EGZT8?f3KMEGNÕBÝs 7 ÕBÝ W¦BDPRZT@CBxVÕCÝtev ÖbÕCÝ7 q#< 1+?>@UT |WV X ÕCÝ.t¿evxs 7 ÕCÝ |¼ÕCÝ5t¿evGÖbÕBÝ >K 7 |F1ÕCÝ.t¿evxs 7 ÕCÝ |¼ÕCÝ5t¿evxsÏÕCÝ Ö21z>K 7 |Y>
ÍÍ ²RÎ\ÏÌ.Ð.Ñ
å  	
	


(a) Perfect Binary Tree (b) Left Associative Binary Tree
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(b) Left Associative Binary Tree(a) Perfect Binary Tree
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7 ÄgÇ¤ÕÅÌoÊ B Ï× P ÓyÊ98ÅÕ Ô ÄgÆÅÇÌ%ÊHÇ¤ÄgÖ#È?ÊHÌÖ?ÑÎÈ%ÕÅÌ?ÑÎÈ%ÄgÁ¤Æ
N ÉÅÊÁÏ B Ï D Ï;:ÙÊ<8ÅÊ>=ÆÊÑÆÁ¤ËÈ%ÄgÂÑÒ®Ó  ÌoÊ98ÅÕ Ô È?Ä[Á¤Æ·ÑÖ?=Æ@8ÅÄgÆÅÇ ÑÆÊ O È?ÊHÆ28ÅÊ>8 Þ
»Ð Ä`È?É·ÑÂÄgÆÄgÂwÕÅÂÔ ÌoÄ[È?Ä Ô ÑÒ3ËÑÎÈ%ÉÖoÕ Ô ÉÈ?ÉÑÎÈ¡È?ÉÅÊÌ%ÊHÇ¤ÄgÖ#È?ÊHÌ¯Ö?ÑÎÈ%ÕÅÌ?Ñ+È?ÄgÁÆÄgÖ¯ÃÊÒ[Á Ð ÑÖoÈ%Ì%Ä Ô È?Ò  ËÁ¤Ö%Ä`È?Ä  ÊLÄ[ÆeÈ%ÊÇ¤ÊHÌ¯ÒgÄ[ÂÄ`ÈBAzÏÛ¥ÍUÆÅÁÖ%Á¤Ò[ÕÈ?Ä[Á¤ÆzÄ[ÖOËÁ¤Ö%ÖoÄgÃÅÒ[ÊÜÈ%ÉÅÊÆ Ð ÊÄgÆ Ô Ì%ÊÂÊÆ-È È?ÉÅÊÒ[ÄgÂÄ[ÈyÄ[È%ÊÌ%ÑÎÈ?Ä  ÊÒ  Á¤ÌLÄgÆC8ÅÄ Ô ÉÅÁÎÈ?Á¤ÂÄ Ô ÂÑÆÆÅÊÌ ÕÅÆ-È?ÄgÒ Ð Ê
=Æ28ÑÖoÁ¤ÒgÕ7È?ÄgÁÆÏ N ÉÅÊ Ð Á¤Ì%Ö#È ÖoÁ¤ÒgÕ7È?ÄgÁÆÄgÖDA  FE µ *GE Ï
 Ö Ð ÊÖoÉÅÁ Ð Æ¢ÄgÆSÈ%ÉÅÊËÅÌ%ÁÁÍÁÍ N ÉÅÊÁÅÏ B Ï D ÜUÃÕÅÄgÒH8ÅÄgÆÅÇÑÆÙÊ O È?ÊHÆ28ÅÊ98 ÞOÞ
 ÍWÌoÁ¤Â ÑÖ Ô ÉÅÊ98ÕÅÒgÊ ÂÑ ÄgÆ-È?ÌoÁ8Õ Ô ÊhÆÅÊÇ-Ñ+È?Ä  ÊwÁ¤Ì ÆÕÒgÒ ÔÔ Ò[ÊÖHÏ N ÉÅÊÁ¤ÌoÊHÈ%Ä Ô ÑÎÒgÒ  ÜÈ?ÉÅÊwÆÊÇ-ÑÎÈ%Ä  Ê Á¤Ì ÆÕÒgÒ ÔÔ Ò[ÊÖLÖ#È?ÄgÒ[ÒrÇ¤ÕÑÌ%ÑÆ-È?ÊÊhÈ?ÉÅÊÊ O ÄgÖ#È?ÊHÆ Ô ÊÁÍÑÆÑ ÔÔ Ò[Ä Ô Ö Ô ÉÊ98ÅÕÅÒ[ÊÏ # Á Ð Ê  ÊÌHÜ7È?ÉÊÆÊ O È±Ö%Ê Ô È?Ä[Á¤ÆÌoÊ  ÊtÑÒ[Ö8È%ÉÑÎÈ8È?ÉÄgÖÄgÖÄ[ÆÍ<Ñ Ô È±ÑËÅÌoÁ¤ÃÅÒgÊHÂÑÆ28ÉÅÁ Ð5Ð ÊhÂ ÕÅÖoÈyÖoÁ¤Ò  ÊÄ`ÈtÏ
IKJIKJ,L MONKPGQSRUTWVYX[Z]\?^_P`Ra_Vcb
:ÙÊhÕÅÖ%ÊÈ?ÉÅÊ  ÑÌ%ÄgÑÃÅÒgÊHÖÑÆ28 Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?ÖW8ÅÊ>=ÅÆÅÊ98Ä[ÆÈ%ÉÅÊ ÂÁ8ÊÒÁÍ È%ÉÅÊdÊ Ô È%ÄgÁ¤ÆÏ×Ï B ÄgÆËÑÇ¤Ê D$e Ï N ÉÅÊÈ?ÁÈ?ÑÒ Ô Á¤ÂËÒgÊ O Ä`È  ÄgÖÃÁ¤ÕÅÆ@8ÅÊ98Ã gfihjE µ E lk  ÑÌ%ÄgÑÃÅÒgÊHÖÑÆ28 fOhmE noEHFpE µ E lk Ô Á¤ÆÅÖ#È?Ì%ÑÄgÆ-È?Ö P ×
D Ï fOhmE µ E jk Ä[ÆeÈ%ÊÇ¤ÊHÌ  ÑÌ%ÄgÑÃÅÒgÊHÖ P
q Ñ 6CfOhmE µ E k Ö Ô ÉÅÊ98ÅÕÒgÄgÆÇ  ÑÌoÄ:ÑÃÅÒ[ÊÖ Psr2t ÍWÁ¤ÌÊÑ Ô ÉÆÅÁ#8ÅÊvuxw µzy
q Ã 6Cf|{jhjE µ E }~hjE µ *GEe0p k0k"% ÄgÆ-È?ÊHÌoÍWÊÌoÊÆ Ô ÊÃÅÄgÆÅÑÌ   ÑÌ%ÄgÑÃÅÒgÊHÖ P9t$  w  4 9   ÍWÁ¤Ì ÑÒgÒ Ô Á¤ÕËÅÒgÊ
u 9 w µ * y
q Ô6CfOhmE µ *YE k ÃÅÄ[ÆÑÌ  ÄgÆ28ÊËÊÆ28ÅÊHÆ-ÈOÖoÊHÈ?Ö  ÑÌ%ÄgÑÃÅÒ[ÊÖ y# t w  4 9   ÍWÁÌÊtÑ Ô É  ÑÒgÕÅÊvuxw µ * y
q 8 6 È?ÉÊzÈ?ÁÈ?ÑÒOÆeÕÅÂwÃÊÌÁÍÄ[ÆeÈ%ÊÌoÂÊ>8ÅÄ:ÑÎÈ%Ê  ÑÌ%ÄgÑÃÅÒ[ÊÖÍWÁÌi [ ÍWÕÅÆ Ô È%ÄgÁ¤ÆÖÑÆ28 Ã3ÁÁ¤Ò[ÊtÑÆÅÖ8ÅÊm
=ÆÅÊ>8È?ÁÊ O ËÅÌoÊÖoÖÈ%ÉÅÊÊ = ÕÅÄ  ÑÎÒgÊÆ Ô ÊLÌoÊÒ:Ñ+È?ÄgÁÆÅÖ q 6 ÑÆ@8i8ÅÄgÖ5oÕÅÆ Ô È%ÄgÁ¤ÆÖ q 6 ÄgÖ¡Ã3Á¤ÕÆ28ÅÊ98Ã 
fOhmE µ E lk y×7Ï fOhmE µ E jk Ò[ÄgÆÅÊÑÌ Ô ÁÆÅÖoÈ%Ì?ÑÄ[ÆeÈ%Ö P
q Ñ 6CfOhmEnE k Ö Ô ÉÅÊ98ÅÕÒgÄgÆÇ Ô Á¤ÆÅÖ#È?Ì?ÑÎÄgÆ-È?Ö y
q Ã 6 È?ÉÊÆeÕÅÂ Ã3ÊHÌÁÎÍUÄ[ÆeÈ%ÊÌ  ÑÎÒÒgÄ`ÍWÊHÈ?Ä[ÂÊHÖ¡Ä[ÆeÈ%ÊÌ#ÍWÊÌ%ÊHÆ Ô Ê Ô Á¤ÆÅÖoÈ%Ì?ÑÄ[Æ-È?ÖyÄgÖÃÁ¤ÕÅÆ28Ê98Ã CfOhmE µ E lk y
q Ô6 È?ÉÊÈ%ÁÈkÑÎÒÆeÕÅÂwÃÊÌyÁÍÝÄgÆ28ÅÊHË3ÊHÆ28ÅÊHÆeÈÖoÊHÈ?Ö Ô ÁÆÅÖoÈ%Ì?ÑÄ[ÆeÈ%ÖyÄgÖÃÁ¤ÕÅÆ28ÅÊ>8Ã gfOhmE µ E k y
q 8 6 È?ÁÊ O ËÅÌoÊÖoÖ¡È?ÉÑ+È±È%ÉÅÊÂÑ O Ä[ÂÑÒ7ÆeÕÅÂwÃÊÌ±ÁÍ  ÑÒ[ÕÅÊÖ±Ö%Ä[ÂwÕÅÒ[È?ÑÆÅÊHÁ¤ÕÅÖ%Ò  ÑÒ[Ä  Ê¶ÂwÕÅÖ#È¡ÆÅÁÎÈ¦Ê O7Ô ÊÊ>8
AÜ Ð Ê Ð ÌoÄ[È?ÊÈ?ÉÑ+ÈLÈ?ÉÅÊhÂÑ O Ä[ÂÑÎÒ®Ä[Æ28ÅÊHË3ÊHÆ28ÅÊÆ-ÈÖoÊHÈÁÎÍc , q È%ÉÅÊ Ô Á¤ÂËÒgÊÂÊÆ-È?ÑÌ  Ç¤Ì%ÑËÅÉÁÍÈ?ÉÊÄ[Æ-È?ÊÌ#ÍWÊÌoÊÆ Ô ÊÇÌ?ÑËÅÉx 6 ÂwÕÖoÈyÆÅÁÈÊ OÔ ÊÊ>8xA P
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7 Ä[Ç¤ÕÅÌoÊ B Ï B P
	 Ë7È?ÄgÂÑÒ3Ó?dÓyÊ98ÅÕ Ô ÄgÆÅÇ Ð Ä`È?ÉÝÁ¤ÖoÖ%Ä[ÃÅÒ   ÊÇ-Ñ+È?ÄÊÁ¤Ì  ÕÅÒ[ÒrÀ Ô Ò[ÊÖ
B Ï¯È?ÉÊÁÃ#oÊ Ô È?ÄÊÍWÕÆ Ô È%ÄgÁ¤ÆÄgÖ¯È%ÁÂÄ[ÆÅÄgÂÄHÊÈ%ÉÅÊÈ?ÁÈ?ÑÒÖ Ô ÉÊ98ÅÕÅÒ[ÊÈ%ÄgÂÊ PQQ-Vr 
IKJIKJ  \?a_^?a_b MONDR! b" #%$&$('*)
+ È¯È?ÉÄgÖ¯ËÁ¤ÄgÆ-ÈÜ Ð ÊOÈ?Ì-,È%ÁÖ%Á¤Ò.¤ÊOÈ%ÉÅÊLÒ[ÄgÆÅÊÑÌ¦ËÌ%Á¤ÃÅÒ[ÊÂ ²/10 8ÅÊ>=ÆÊ98ÄgÆ ËÌ%Ê2Ä[Á¤ÕÅÖ¯ÖoÊ Ô È%ÄgÁ¤ÆÏ Û¥Í®ÆÅÁÖ%Á¤Ò[ÕÈ?Ä[Á¤ÆÄgÖËÁ¤Ö%ÖoÄgÃÅÒ[ÊÜÈ%ÉÅÊÆÈ?ÉÊÌ%ÊÄ[Ö ÆÅÁÊ O È%ÊÆ28ÅÊ>8 ÞLÞ43 5 Ö%Õ Ô ÉÈ%ÉÑÎÈ
687 h 5 k à A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